Objectives: To assess the influence of a low-fat, low-energy diet on the intake of vitamins and minerals in patients with overweight and hyperlipidemia. Setting: Outpatient clinic for hyperlipidemia treatment. Subjects: A total of 134 subjects chosen from patients attending Outpatient Clinic of Metabolic Diseases. Interventions: Patients were assigned to a hypolipidemic, low-energy diet of 4.18 -6.27 MJ=day (1000 or 1500 kcal=day), where fat provided less than 30% of energy, saturated fatty acids less than 10% of energy and daily supply of cholesterol was below 300 mg. Dietary assessment with the use of 3 days dietary records were performed at baseline and after 8 weeks of the diet. Results: The implementation of a low-fat, low-energy diet resulted in a decrease of the intake of nutrients assessed, statistically significant for phosphorus, magnesium, iron and vitamin B 1 , B 2 and niacin in men and for iron in women. No marked and statistically significant reduction in the percentage of the RDA was found, except magnesium, thiamin and riboflavin in men and iron in women. Nutritional density was statistically improved for phosphorus, potassium, magnesium and vitamins E, C and B 6 in men and for all nutrients assessed in women. Conclusions: In comparison with a habitual diet, the low-fat, low-energy diet did not cause any marked and statistically significant decrease in the intake of minerals and vitamins or in the adherence to the RDA, with the exception of magnesium, thiamin and riboflavin in men and iron in women.
Introduction
The change of lifestyle, including the modification of dietary habits, is a basis for the prevention of ischaemic heart disease (IHD). Widely accepted recommendations suggest that consumption of fat should account for less than 30% of total energy, saturated fatty acids less than 10% of energy and daily intake of cholesterol should be below 300 mg (National Cholesterol Education Program, 1994; Coronary Heart Disease: reducing the risk, 1998). In the case of overweight and obesity it is also indispensable to reduce energy intake.
In the prevention of IHD the importance of antioxidant vitamins such as vitamin E and C and carotenes has been stressed. It has been shown in prospective studies that high intake of antioxidant vitamins from natural sources reduces the risk of IHD (Kushi et al, 1996) . Not all studies on vitamin supplementation have confirmed that (Omenn et al, 1996) . In addition, vitamins B 6 , B 12 and folic acid affect the level of homocysteine, another risk factor for IHD (Malinow et al, 1999) . Calcium and magnesium deficiency can contribute to the development of arterial hypertension (Mizushima et al, 1998; Siani & Strazullo, 2000) . Furthermore, a low intake of calcium is a risk factor for osteoporosis development (Prentice, 1997) , while insufficient intake of iron can lead to anaemia (Baker, 1979) . Thus, a diet with inadequate qualitative and quantitative composition may lead to a deficiency of nutrients, especially in a low-energy diet associated with lowered intake of nutrients.
The purpose of the presently reported study was the assessment of the effect of a low-fat, low-energy diet on the intake of selected vitamins and minerals in hyperlipidemic patients with overweight or obesity.
Material and methods
The study was carried out in patients of the Outpatient Clinic of Metabolic Diseases, National Food and Nutrition Institute, referred to the clinic due to lipid metabolism disturbances and overweight or obesity. The study group comprised 134 patients, including 72 women at an average age of 55.1 AE 11.2 y and 62 men aged 47.7AE 10.5 y. Baseline characteristics of the subjects are presented in Table 1 Program, 1994) .
Dietary habits of the patients were assessed before and after 8 weeks on the low-fat, low-energy diet. In the diet recommended to the patients fat provided less than 30% of total energy, saturated fatty acids less than 10% of energy, and daily cholesterol supply was less than 300 mg (National Cholesterol Education Program, 1994; Coronary Heart Disease: reducing the risk, 1998). The energy value of the recommended diet was from 4.18 to 6.27 MJ=day (1000 -1500 kcal=day), and depended on the degree of overweight, age and sex. The patients received detailed information on the correct choice of food products and were advised how to prepare dishes. During the study patients took no hypolipaemic drugs, body weight reducing drugs and vitamin and mineral supplements.
The information on the dietary intake was obtained from the 3 days dietary records. The subjects were instructed how to keep their records of all food and beverages consumed during three consecutive days using household measuring units. Dietary records were reviewed with the subjects to ensure their completeness, food descriptions and preparation of dishes. For better estimation of portion size, food products and dishes were presented on photographs. The amounts of the assessed vitamins and minerals were calculated using the programme FOOD 1.6. Standard losses for food processing and preparation of dishes were subtracted from the calculated amounts of nutrients. The values obtained were compared with the national RDA (Ziemlań ski et al, 1994) .
The statistical significance of the results was analysed with paired t-test using the programme STATISTICA PL.
Results
The application of a low-fat, low-energy diet resulted in the average body weight reduction of 2.6 kg in women and 3.15 kg in men (P < 0.001); (Table 1) . There was a decrease Means differ statistically significantly. *P < 0.05, **P < 0.01, ***P < 0.001.
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A Grzybek et al in the consumption of milk and dairy products, meat products, added fats, cereals and fruit, whereas the intake of vegetables increased (Table 2) . The fat and energy-restricted diet reduced the intake of energy and the percentage of energy derived from fat and saturated fatty acids and it increased the proportion of energy provided by protein and carbohydrates (Table 3) . The application of the fat and energy restricted diet caused a lower intake of the majority of assessed nutrients, statistically significant for phosphorus, magnesium, iron and The intake of vitamin C by men was unchanged, whereas it increased in women, but without statistical significance (Table 4 ). Means differ statistically significantly. *P < 0.05, **P < 0.01.
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The lowest rate of adherence to the RDA was observed for calcium and magnesium both in men and women. The highest percentage of the RDA was found for phosphorus and vitamins A and E (Figures 1 -4) . The low-fat, low-energy diet reduced the percentage of the RDA, but the reduction was statistically significant only for phosphorus, iron, magnesium and vitamins B 1 , B 2 and niacin in men and for iron in women. The percentage of the RDA of vitamin C was not changed.
The percentage of patients meeting the RDA was the lowest for calcium. The number of subjects with intake less than two-thirds of the RDA was highest also for calcium ( Table 5 ). The dietary treatment lowered the number of men and women with intake above the RDA, except the intake of vitamin E, C and calcium in men and intake of vitamin B 6 , C and magnesium in women. The percentage of men with the intake of nutrients below two-thirds of the RDA was increased, except for the intake of potassium, iron and vitamins E, B 6 and C. The percentage of women whose intake of nutrients was below two-thirds of the RDA increased, with the exception of the intake of magnesium and vitamin E, but remained unchanged in the case of vitamin B 2 and C (Table 5) .
The nutritional density of the diet was improved, which was statistically significant for potassium, phosphorus, magnesium, vitamins E, B 6 and C in men and for all assessed nutrients in women (Table 6 ).
Discussion
Diet is the main environmental determinant of plasma lipids concentration and dietary modification is recognized to be the first line of treatment for hyperlipidemia. Additionally, weight reduction is essential for overweight patients. This study investigates the results of introducing dietary changes aiming to reduce the intake of fat, saturated fatty acids, cholesterol and energy. We have concentrated on the effect of such changes on the intake of minerals and vitamins. Means differ statistically significantly. *P < 0.05, **P < 0.01, ***P < 0.001.
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The survey of dietary habits was carried out in patients with hyperlipidaemia and overweight, and it demonstrated that the RDA was not achieved, for all assessed nutrients either in men or in women. The habitual diet of these patients contained nutrients in amounts meeting the RDA or within the acceptable deviation of 10% for phosphorus, vitamin A, vitamin E, vitamin B 6 and niacin in the group of women, and in the group of men additionally for iron and vitamin B 1 . Intake below the RDA and the acceptable deviation implies a risk of nutritional deficiency, which is proportional to the degree of deviation from the recommended intake.
The observed pattern of mineral and vitamin intake was characteristic for the Polish population as well as for populations in industrialized countries. Insufficient intake of calcium, magnesium and vitamins B 1 , B 2 , and C in men and women, and additionally of iron in women was found in the Pol-MONICA programme, and in the assessment of dietary habits of other Polish population groups (Llow et al, 1996; Pietruszka et al, 1998; Program Pol-MONICA Warszawa 1996) . A low intake of thiamin, riboflavin, calcium and iron in women was also found in the Hungarian population (Biro et al; and in the US population (Millen et al, 1997; Zive et al, 1996) . A striking result of the diet was the very low percentage of the RDA of calcium by women (59.4%), with a high percentage of women with intake less than two-thirds of the RDA, ie 70.8% of women. The intake of a component in amounts below two-thirds of the RDA for a longer time involves a growing risk of deficiency development in the organism. In the case of women calcium deficiency in their diet could increase the risk of osteoporosis development (Prentice, 1997) . However, such a low intake of calcium resulted from non-compliance with the recommended consumption of milk and dairy products. In these subjects the average calcium intake was about 20% lower than in the recommended diet. A high percentage of patients with calcium intake below two-thirds of the recommended value was noted also in the dietary assessment of other groups (Dobs et al, 1991; Pietruszka et al, 1998) .
A low-energy diet inevitably reduced the intake of nutrients. In the studied patients the hypolipemic, low-energy diet decreased the intake of the majority of the assessed nutrients. The intake of antioxidant vitamins, ie retinol equivalent and alpha-tocopherol equivalent which play an important role in the prevention of cardiovascular diseases was also reduced, but without statistical significance, and still met the RDA. Vitamin C intake in men remained unchanged and in women it increased statistically insignificant, and was near 90% of the RDA.
The introduction of hypolipaemic and low-energy diet reduced the adherence to the RDA. In the group of women the recommended intake was rarely achieved for iron, thiamin and niacin. The change was statistically significant only for iron, and this could be regarded as alarming. In the case of the remaining nutrients the changes observed were not statistically significant and the percentage of the RDA was not lowered in the case of potassium, calcium and magnesium, vitamin B 6 .
In the group of men the intake of phosphorus, iron, magnesium and vitamins B 1 , B 2 and niacin fell with statistical significance. In the case of phosphorus and iron despite this decrease their intake remained above the RDA, and the average percentage of the recommended intake of potassium and vitamin B 6 was within the range of the acceptable deviation. The lowest percentage of the RDA was for riboflavin and decreased below two-thirds of the RDA.
The implementation of a low-fat diet has been shown to be associated with lowered intakes of zinc, niacin and vitamin E, but only zinc intake was below the RDA (Retzlaff et al, 1991) . The intake of vitamin A, vitamin C and magnesium increased significantly, and the amount of riboflavin, calcium and copper remained unchanged. Dougherty showed increased intakes of vitamin C, riboflavin, niacin and vitamin B 6 . The intake of vitamin A decreased, but despite this the diet with reduced fat content still met the RDA (Dougherty et al, 1988) . It is possible to comply with the recommendations of hypolipidemic diet without seriously decreasing the micronutrient intake in the diet as long as the amounts of meat and dairy products are not reduced (Dougherty et al, 1988) . Data obtained in the American study NHANES III showed that persons consuming a lot of products with high energy density but with low density of nutrients had a lower percentage of the recommended dietary allowances, and also that their dietary habits were less compatible with the recommendations of IHD prevention (Kant, 2000) . American studies revealed that the choice of food products recommended in the low-fat diet improved the intake of other nutrients in comparison with the diet without fat restriction (Dolecek et al; 1997; Peterson et al, 1999) .
In the presently reported study the low-fat, low-energy diet was associated with reduced intake of the majority of the assessed minerals and vitamins. However, only the intake of a few components decreased significantly below the amount found in a habitual diet. Improved nutritional density resulted from adequate changes in the choice of food products which caused a reduction of energy, fat, saturated fatty acids and cholesterol with a consequent reduction of body weight and blood lipids level.
Nevertheless, despite the improved nutrition pattern, for a considerable percentage of the patients the intake of some nutrients was still below the RDA or less than two-thirds of the RDA. This was due to the lower intake of components in a low-energy diet, and also because of considerable differences in the degree of adherence to the recommended diet among individuals. The intake of nutrients was additionally reduced due to excessive restriction of the consumption of food products by the patients and choice of products disregarding their nutritional value.
Conclusions
This study showed that the introduction of the low-fat, lowenergy diet did not produce a significant reduction of the Vitamin=mineral intake during dietetic treatment A Grzybek et al intake of the assessed minerals and vitamins, with the exception of magnesium, thiamin and riboflavin in men and iron in women. In the majority of these nutrients the percentage of the RDA was not significantly changed either. The implementation of a low-fat, low-energy diet requires adequate education of patients in correct selection of food products, where not only fat, saturated fatty acids and cholesterol are considered, but also the intake of other nutrients. Further studies are necessary to determine whether a low-energy diet requires the introduction of mineral and vitamin supplementation.
